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The role of amount and nature of carbohydrates in the course of
experimental renal failure. The renal effects of carbohydrates (CHO)
were studied in two experiments. 1) The effects of CHO-energy
restriction was evaluated by comparing uremic growing rats (initial
weight: 80 g) fed "ad lib" (L rats) or CHO-restricted (starch and
glucose) but receiving identical amounts of all other nutrients (R rats).
R rats showed reduced growth, slower increase in plasma creatinine,
lower mortality rate, and less histological renal damage than L rats. 2)
Two types of CHO restriction, low glucose (R1 rats) or low starch (R2
rats) were compared to "ad lib" feeding (L1 rats) in adult rats (initial
weight: 130 g). Growth was identically reduced in R1 and R2 rats. Mean
plasma creatinine levels at week four was lower in R1 than in L1 rats.
The overall rate mortality was higher for L1 and R2 than in R1 rats (79%,
81%, 53%) but included deaths from other causes than renal failure.
Actuarial survival excluding these deaths was 27%, 83% and 10% in L1,
R1 and R2 rats, respectively. Diffuse renal lesions were found in 25 of 30
L1, 5 of 15 R1, and 12 of 15 R2 rats (R1 vs. R1 and R2, P < 0.01). The
results show that CHO restriction may preserve the renal parenchyma,
and suggest that restriction of "simple" rather than "complex" CHO
restriction may be beneficial, a finding which could be of clinical
importance if confirmed by further investigations.
Considerable attention has been paid, during the past few
years, to the importance of nutrition for the evolution of kidney
diseases [1]. The enhancement of glomerular lesions in rats fed
high protein diets during aging [2] or after unilateral nephrec-
tomy [3] was described sometime ago. More recent experiments
['1—6] have shown the influence of protein intake on the delay
before end—stage renal disease (ESRD) is reached after exten-
sive renal ablation. Simultaneously, a hypothetical mechanism
for the consequences of protein intake has been drawn from the
early dynamic and pathologic changes observed after renal
ablation and their modifications resulting from feeding different
protein diets [7, 8]. These results prompted many authors to
prescribe low protein diets [91, often supplemented with essen-
tial amino acids or with their nitrogen—free analogs [10] for
patients with chronic renal diseases. By contrast, all authors try
to provide the maximum possible energy via fat and carbohy-
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drates (CHO), sometimes using supplementation with a glucose
polymer [11]. It has been well established that experimental and
human chronic renal failure is associated with decreased energy
intake, and it has been suggested that this reduction is a factor
for many symptoms in uremia and particularly for stunting in
uremic children [12]. However, the possibility that energy
intake may influence the course of renal disease has not been
considered. Furthermore, the effect of the different sources of
energy other than proteins has not been studied, and few data
are available regarding the optimum energy intake, both by
amount and by nature, for the preservation of renal paren-
chyma.
The three following experiments were undertaken to ascer-
tain: 1) whether CR0 or energy restriction had a measurable
influence on renal lesions and survival of rats with remnant
kidneys; 2) whether this influence could be mediated by
changes in GFR and kidney weight studied in normal rats; and
3) if these effects were correlated with the type of CHO used,
either glucose or starch.
Methods
All studies were performed on male Sprague—Dawley rats
(Charles River, France). Chronic renal insufficiency was ob-
tained by a two-step surgical procedure: four—fifths ablation of
the left kidney using electrocoagulation, and right nephrectomy
two days later. The experiment began after one week had been
allowed for rats to recover from surgery and acute renal failure.
At that time, a blood sample was taken via the jugular vein
under ether anesthesia for biochemical measurements. Rats
were matched and distributed into experimental groups accord-
ing to their initial renal function estimated from the plasma
creatinine level.
Animals were housed in individual wire mesh cages with a
light cycle of 12 hours, and had a free access to tap water. All
diets used were dry and were given in a metallic cup with a
gridded movable lid to prevent spillage.
All rats were weighed weekly. Linear length (from the nose to
the tail) was measured monthly under ether anesthesia.
Blood samples were taken monthly or if a rat seemed
moribund. Plasma creatinine, electrolytes, urea and proteins
were measured with an Astra (Beckman Instruments, Fuller-
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Mixtures were given with cellulose as vehicle.
ton, California, USA) analyzer. Plasma cholesterol and
triglycerides were measured in experiment II using enzymatic
methods.
The plasma glucose levels wcre not considered, since blood
glucose rised considerably during anesthesia and values were
not reliable. Twenty—four-hour urines were collected monthly
in metabolic cages for measurements of electrolytes, urea, and
creatinine excretion. Proteinuria was measured in experiment
II.
Blood pressure was measured monthly in conscious rats
using an electro-sphygo-manometer PE 300 (Roucaire, France).
Kidneys were removed and fixed in formalin at the end of the
experiment or when a rat died prematurely. All underwent the
same preparation. Three micron sections were stained with
hematoxylin, trichrome light green, periodic acid Schiff, silver
impregnation according to Wilder, and Von Kossa stain. Sec-
tions were examined under the light microscope. Glomerular
and tubular damages were graded from + to + + + according to
the severity and diffusion of lesions by an independent ob-
server, who did not know the identity of each specimen.
Experiment I
Two groups of growing (initial weight: 80 g) uremic rats with
identical initial serum creatinine levels were compared: one was
fed "ad lib" (L rats: N = 6) and the other was CR0-restricted
(R rats: N = 7). The L rat group received a diet containing 13
g/l00 g protein. The salt mixture resulted in a 0.5 g/l00 g level
of calcium, phosphorus, and sodium. Each R rat received a
daily ration which was 60% by weight of the amount ingested by
its L counterpart. The content of this diet was calculated so that
the 60 g provided the same quantities of all nutrients as 100 g of
the L diet, but less CR0 (Table 1). Hence, the two groups
consumed identical amounts of all nutrients except for glucose,
starch, and energy. A control unoperated group of rats (N = 6)
was fed L diet ad lib. The study was terminated after 32 weeks.
Experiment In
The same protocol was conducted in normal, non-operated
rats to examine some functional consequences of different CHO
intakes. Two rat groups were fed either ad fib the L diet (CL
rats), or the R diet in restricted amounts (CR rats). The
experiment lasted for 32 days. Three 24 hour urine collections
were performed before sacrifice. Six animals per group were
killed by decapitation in a fed status for measurement of
circulating thyroid hormone (T3, TSR), cholesterol, and triglyc-
erides. The other rats underwent an infusion with alcyan blue
during anesthesia, in view of studying the different parts of the
kidney [13]. In all animals serum electrolytes, urea, and creat-
mine were measured, and liver, kidneys, and hearts were taken
and weighed.
Experiment II
A protocol similar to that of experiment I was used, but two
types of CR0 restriction were compared to "ad lib" feeding;
CR0 restriction was less severe and adult rats were used to
minimize the effects of growth (initial weight: 130 g). Groups R1
and R2 rats were restricted exclusively either in glucose (R1) or
in starch (R2). Each rat of these groups was matched with a rat
fed diet L "ad lib" as before. Rats R1 and R2 received 70% by
weight of the daily amount consumed by their L1 counterparts,
but their diet was calculated so that 70 g afforded the same
amount of all nutrients as 100 g of diet L, except for energy, and
for glucose in Rt rats, starch in R2 rats (Table 1). Blood samples
were taken after a 10 hour fast (from 11 p.m. to 9 a.m.). The
overall mortality rate was high and the study was terminated
after 16 weeks when the number of surviving rats was too small
to expect further information.
Statistical comparisons used Student's t-test and chi—square
test. Results are expressed as means SEM.
Results
Experiment I
Initial mean plasma creatinine level was moderately elevated
in uremic L and R rats (99 3 and 96 3 Mmol/liter) and was
nearly three times that of controls (35 I irmol/liter). Weight
was identical (80 g) in all groups at first operation, but was lower
in both uremic groups (72 g) than in control rats (85 g) when the
experiment was started.
Growth was impaired in R rats compared to L rats throughout
the experiment. Four weeks after starting the experiment
weight gain was higher in C than in L rats, and in L than in R
rats (Table 2). Length gain did not differ between controls and
L rats but was reduced in R rats (Table 2).
In L rats mean food consumption changed from 14 to 20
glday, or from 17.5 g/l00 g body wt at onset to 7.8 and 6.6 g
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Table 2. Data obtained 30 and 32 days after starting the experiments.
Experiment I Experiment Ia
CL CRC L R
N=5 N=6 N=7 N= 12 N=12
Weight, g
Weight gain, glday
Length gain, cm/day
307 13
7.4 0.36
0.49 0.016
255 8
6.04 0.21
0.49 0.016
192 5"
4.03 0.21"
0.35 0016d
324 11
7.25 0.27
0.495 0.016
234 2"
4.45 0.08"
0.350 0.016"
Plasma creatinine, 50 2 109 5 104 5 35 3.2 30.6 1.7
p..mol/liter
Creatinine clearance, 0.41 0.02 0.21 0.02 0.26 0.02 0.63 0.07 0.68 0.04
ml/mn/100 g body wt
Plasma urea, mmol/liter 3.5 0.4 ND ND 3.81 0.42 7.45 0.31"
Urinary urea, mmol/day 6.05 0.53 3.68 0.3 5.0 0.3" 5.52 0.45 8.43 0.24"
Blood pressure, mm Hg
Left kidney weight, mg
Left kidney weight,
125 6
ND
ND
189 17
ND
ND
158 10
ND
ND
ND
1270 30
358 9
ND
1010 20"
388 7"
mg//OO g body wt
Liver weight, ND ND ND 4.09 0.13 3.94 0.10
mg/tOO g body wt
Serum T3" ND ND ND 93.7 9.9 58.1 74"
Serum TSH" ND ND ND 3.25 0.6 1.80 0.25
Measured in only six animals of each group.b Comparison between L and R or CL and CR, P < 0.02
P < 0.01
"P < 0.001
body wt after one and two months, with wide individual
variations. In R rats, food intake per 100 g body wt remained
lower (10.5, 6.5 and 5.6 g).
Urinary urea excretion was higher in R than in L rats, despite
identical protein intakes. It was 3.4 0.6 and 1.0 0.3
mmoL/day in R and L rats, respectively, after one week (P =
0.005); 5.0 0.3 and 3.68 0.3 mmol/day at week four. Urinary
creatinine excretion was identical in L and R rats one week
after starting the experiment, and became progressively higher
in L rats, in parallel with the weight difference (38 moU100 g
body wt in both groups).
Plasma sodium, potassium and proteins were identical at
weeks four and nine in both uremic groups, remaining within
normal limits.
Blood pressure increased in some uremic rats compared to
controls at week nine, and showed wide intragroup variations.
No obvious difference was found between L and R rats until
week 13 when the mean values were 174 7 and 155 6 mm
Hg, respectively.
Plasma creatinine levels increased earlier and became higher
in L than in R rats, although no difference could be detected
until week 13 (Fig. 1). Except for one rat who died at week four,
the plasma creatinine level was below 200 .tmol/1iter in all R rats
and above this level in all L rats at week 13 (P <0.005, xtest).
The mean values were 282 39 and 125 12 mol/liter in L
and R rat groups, respectively, and the difference increased
subsequently. At that time creatinine clearance was 2.01
0.03, 0.19 0.03, and 0.40 0.04 ml/mn in normal controls, L
and R rats, respectively, corresponding to GFR/100 g body wt
of 0.45 0.01, 0.05 0.01, and 0.13 0.01 ml/mn (C vs. L, P
= 1.4 x l0'°; R vs. L, P = 0.0001).
All six L rats died before the 25th week of the study, with a
plasma creatinine level ranging from 377 to 581 moL/liter. Of
the R rats, two died during anesthesia, and two apparently from
CRF with a plasma creatinine of 200 and 300 tmol/liter and a
.
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Fig. I. Experiment I, evolution of plasma creatinine levels. Symbols
are: (S) uremic L rats fed "ad lib"; (0) uremic R rats restricted in CHO
and energy; (•) normal rats fed ad lib; (t) rats dead during anesthesia;
(A A) last value obtained before death.
plasma urea level above 50 mmol/liter. Three R rats survived
until week 32, when the study was terminated, and their final
plasma creatinine level was but slightly elevated. The number
of rats surviving in Land R groups differed significantly (Fig. 1).
Histological examination of the remnant kidneys confirmed
the relative preservation of the R rats' parenchyma. The kidney
of one R rat could not be examined. In the others, the lesions
had the same pattern as are usually found in the remnant kidney
model: glomerular hyalinosis and sclerosis with tubular degen-
erative changes and interstitial sclerosis. The severity of
glomerular and tubular lesions were roughly parallel. Both were
severe and diffuse (++ + or + +) inS of 6 L rats and in 1 of 6 R
rats. They were moderate (+ or in five R rats and one L rat
(Table 3). Intratubular calcium casts were observed in the six R
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Table 3. Glomerular lesions score of uremic rats in experiments I andjja
Glomerular lesions score
Rats No. examined +++ ++ + I)
Experimentl L
R
6
6
I
—
4
1
1 — —
4 1 —
Experiment IT L1
R
R2
30
15
15
14
1
10
II
4
2
3 2 —
5 2 3
I 2 —
Diffuse lesions (++ and +++) consistent with ESRD was more
frequent in L1 rats (25/30) and in R, rats (12/IS) than in R1 (5/15) (R1 vs.
L and R2, P < 0.001 and 0.01. respectively).
Table 4. Reasons for exclusion of rats in experiment 2
L R1 R2
Initial number 40 20 20
Excluded
early death 4 4 3
(within I week)
bladder disease 2 1 —
Included 34 15 17
No histology 4 0 2
a Five of these six rats had elevated plasma creatinine levels before or
at time of death (200 to 545 trmol/Iiter) and were considered as dead
from ESRD. One R1 rat was alive at the end of the study with a plasma
creatinine level at 115 jtmol/liter. All six rats were included in the
survival curve (Fig. 3). Kidney specimens had been lost in three, and
was taken too late after death in three.
rats and in none of the L rats, but were numerous only in two.
Despite severe hypertension, no obvious vascular damage was
observed except in one L and one R rat.
Experiment Ia
The main findings are summarized in Table 2. CHO restric-
tion resulted in severe growth retardation, elevated blood and
urine urea, lower creatinine clearance and kidney weight.
However, when corrected for body weight, creatinine excretion
and creatinine clearance were identical, while kidney weight
was higher in the restricted group and liver weight was un-
changed. Serum thyroid hormones were decreased in CR rats.
Serum cholesterol levels did not differ significantly between the
two groups (2.43 0.12 and 2.22 0.08 in CL and CR rats; P
0.08), and serum triglycerides were higher in CR rats, but
sampling was performed after a meal which was more important
in CR rats, The relative size of the inner stripe of the outer
medulla was identical in both groups.
Experiment II
Initial mean plasma creatinine level was higher (157 10
gmol/liter in each group) and the range of values was greater (90
to 286 tmol/liter) than in experiment 1. Early deaths occurred in
11 rats within the first week of the experiment, and was due to
the extent of renal ablation, not to the development of renal
lesions, as confirmed by histology, Three additional rats (two
L and one R1) died after one month with bladders filled by
dense blood clots apparently due to a vesical disease. Thus,
during the experimental period, the changes in 34 L, 15 R and
17 R, rats were compared (Table 4).
Table 5. Main data one month after starting the experiment It
(mean 5EM)
L1 R R2
N=33 N=15 N=17
Weight,g 228±13 177± 7 183±7
Weight gain 3.01 0.29 1.59 0.24* 1.60 0.24*
g/doy
Length gain 0.20 0.01 0.14 0.0l** 0.14 0.Ol**
cm/day
Blood pressure 176 9 157 10 152 10
mm Hg
Plasma creatinine 145 7.84 109 5,72* 121 7.63
p.molcs/liter
Creatinine clearance 0.16 0.01 0.19 0.02 0.17 0.02
ml/mn/lOO g
body wi
Plasma urea 19.9 it 2.68 24.0 3.46 18.7 4.10
mmol/liter
Urinary urea 3.66 0.18 5.75 0.56*** 4.84 0.30*
mmol/day
Urinary proteins 81 18 61 14 77 29
mg/day
Plasma cholesterol 4.09 0.20 3.64 0.28 4.20 0.24
in mo//liter
Plasma triglycerided 1.24 0.10 0.95 0.10 0.87 0.05
mmol/liter
a Difference with L1 group, P < 0.01
h P < 0.001
P < 0.0001
The difference between L1 and R1 or R2 rats was near or reached
significance (P = 0.06 and C 0.02, respectively). There was no
significant difference between R1 and R2 rat groups at that time of the
study.
No significant difference was found between the two re-
stricted groups at the end of the first month (Table 5).Growth
was severely but identically reduced in both R rat groups
compared to L1 rat group. The rats gained some weight despite
the energy restriction. Mean plasma creatinine level was signif-
icantly higher in L than in R rats. The difference between Li
and R2 rats was smaller and did not reach significance. Blood
pressure was slightly, but not significantly, higher in L rats than
in both R and R2 rat groups. Plasma urea levels and urinary
protein excretion showed wide variations in each group and no
significant difference was observed. The urinary urea excretion
was much higher in the restricted groups. Fasting plasma
cholesterol levels were more elevated than triglyceride levels
by comparison with normal rats.
Many rats had died by week eight, most of them from ESRD
and only 17 L1, nine R and ten R2 rats remained alive. In the
surviving rats, the mean plasma creatinine level was signifi-
cantly higher in Li (186 12 rmol/liter) than in Ri (98.5 8.5
jsmol/liter) and in R2 rats (137 15 jrmolliter) (Li vs. R, P
0.002; L1 vs. R2, P = 0.02; R1 vs. R2, P = 0.05). Differences in
creatinine clearances and in blood pressure paralleled those of
plasma creatinine level. Differences in mean plasma cholesterol
levels had developed 4.72 0.28, 2.48 0.27, and 3.30 0.28
mmol/liter in Li, R and R2 rats, respectively.
The mortality rate was high during the first Iwo months in all
groups. Many deaths occurred suddenly so that a blood sample
was not taken near the time of death. The overall mortality rate
was fairly similar in all three groups until weeks eight to nine,
when it was around 50% in each group. Subsequently, mortality
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Time, weeks
Fig. 2. Experiment II, glomerular lesions scores of rats studies. Sym-
bols are: (•) Uremic L1 rats fed ad lib; (fr) uremic R1 rats restricted in
glucose and energy receiving starch; () uremic R2 rats restricted in
starch and energy receiving glucose. Diffuse lesions (++ and +++)
consistent with ESRD developed earlier and were more frequent in L1
and R2 rats than in R1 rats.
was lower in R1 rats (47% alive at week 16) than in L1 and R2 rat
groups (21% and 19% alive, respectively).
The kidneys of 30 L1, 15 R1, and 15 R2 rats were examined
histologically (Table 3). The pattern of lesions in all groups was
similar to that observed in experiment I. Renal damage was
diffuse in only five of 15 R1 rats; it was diffuse in 25 of 30 L1 rats
and in 12 of 15 R2 rats. Five L1 rats, five R1 and one R2 rats had
little renal damage at the time of spontaneous death, which
consequently could not be ascribed to ESRD. Death appeared
due to respiratory infection in three cases, dehydration in three,
and seizures with hypertension in one, and had no clear cause
in the remaining four rats. At time of sacrifice, all seven L1, two
of seven R1, and neither of the two R2 rats examined had diffuse
lesions. One surviving R2 rat could not be examined. The
severity of glomerular damage at time of death is summarized
on Figure 2. The corresponding score of tubulo-interstitial
lesions were either identical, or slightly more severe than that of
glomerular damage. Mild vascular lesions were found in the
majority of rats, particularly those with diffuse renal damage.
Despite frequent hypertension they were severe in only four
rats, all of whom with diffuse lesions. Calcifications were not
observed.
Considering only deaths coexisting with ESRD as assessed
by renal histology (42 of 60 rats) or final plasma creatinine level
(six rats), and considering rats dead from other causes as 'lost
to follow—up," the survival curve shows a wide difference
between R1 rats and rats of the two other groups, in which
mortality rate from ESRD was strikingly identical (Fig. 3).
Separating R1 and R2 rats with both identical initial plasma
creatinine level and available histology, 14 pairs of rats could be
compared. Of these, seven R1 and two R2 survived until the end
of the study (P < 0.05, x test), four R1, and 11 R2 had
developed diffuse renal damage (P < 0.01). Moreover, the
lesions had developed earlier in R2 rats.
Discussion
The first experiment clearly demonstrates that CHO with
energy restriction affects the deterioration rate of the renal
Time, weeks
Fig. 3. Experiment II, renal actuarial survival curve. Symbols are the
same as Figure 2.
parenchyma after reduction of kidney mass. This result is in
agreement with the previous reports which had prompted us to
undertake the present study. Bras and Ross [2] found that
CHO-energy restriction alone prevented the development of
renal lesions in aging rats as well as protein restriction.
Fernandes, Yunis, and Good [14] found a marked improvement
of lupus nephropathy in mice restricted in energy as well as in
mice restricted in proteins. Hyperphagic obese rats develop
renal damage related to excessive food intake where nutrients
other than proteins may be in cause. Energy restriction with
unchanged protein intake prolonged survival and prevented
renal lesions in aging rats [15]. Surprisingly, the relation of
CHO and energy to renal deterioration has been paid little
attention, contrasting with the amount of work devoted to the
role of proteins.
Since they are both influenced by reduction of kidney mass
and protein load, hypertrophy and hyperfiltration have been to
date considered as closely linked to renal deterioration, and this
possible relationship has been emphasized over the past few
years by Brenner and his colleagues [7, 8]. Whether similar
factors play a role in the difference apparently due to CHO
intake has not been studied. Glucose infusion fails to induce
hypertrophy [16], but it could be imagined that the poor
utilization of ingested proteins due to deficient energy intake
has the same consequences as low protein intake. It is known
that differences in protein intake induces differences in kidney
weight, in GFR per 100 g body wt [17, 18] and in the relative
size of the inner stripe of the outer medulla [18]. In experiment
Ta, differences in CHO-energy did not cause such changes:
GFRI100 g body wt was unchanged, as was the relative size of
the inner stripe of the outer medulla, and the kidney weight/100
g body wt was higher and not lower in CHO-restricted rats as
previously reported [151. These findings, although preliminary,
suggest that renal deterioration is not mediated through the
same mechanism by protein and by CHO consumption.
In all experiments restricted rats had higher urea excretion.
In the presence of energy deficiency, more proteins were used
for gluconeogenesis, and less for protein synthesis. The differ-
ence in nitrogen excreted corresponded to the difference in
weight gain, particularly in control rats of experiment Ia, who
had less daily variations. This high urea, high osmotic excretion
did not seem a factor for renal deterioration, or its possible
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deleterious effect was overriden by the effect of CHO-re-
striction.
Experiment I does not allow the separation of the relative
effects of carbohydrates, energy, and body growth on renal
deterioration. It can only be concluded that CHO-restriction
resulting in energy restriction and growth retardation has a
protective effect on the kidney. The possibility that normal
growth is not consistent with maximal renal preservation has
been previously raised [1] and cannot be excluded, but would
require further studies.
In contrast, experiment II shows that, under our experimen-
tal conditions, kidney preservation depends more on the nature
of the CHO ingested than of the amount of energy or total CHO,
suggesting a specific effect of some CHO. Using the present
protocol, restriction had a protective effect only when glucose
was reduced and not when starch only was reduced. The
progression of renal damage seemed influenced by glucose
ingestion and not by starch ingestion.
The interpretation of experiment II presents several prob-
lems: 1) initial renal failure was severe in many rats and varied
greatly within each group. The heterogeneity of each group may
over shadow any difference between groups. 2) All rats on
restricted diets consumed their whole daily allotment within a
short time. This "meal—feeding" pattern is not physiological in
rats and may induce differences following the ingestion of
various types of CHO which would not exist in normally nibling
rats [191. 3) A number of animals died without showing evi-
dence of ESRD. In Figure 3, only deaths associated with severe
renal damage or renal failure were taken into account. Since
deaths unassociated with severe renal lesions were more fre-
quent in R1 rats, a bias in the comparison between groups was
possible. However, group R1 had an overall mortality (all
causes included) which was initially identical, and later lower
than, that of the other groups, but only one third had severe
renal damage, whereas 70 to 80% of the other groups had diffuse
lesions. Considering the 14 pairs of R1 and R2 rats with similar
initial plasma creatinine level and with histological examina-
tion, renal lesions were significantly more frequent and more
severe, and had developed earlier in R2 rats.
The renal preservation due to glucose restriction was as-
sessed mainly on renal histology, since the principal aim of the
study was to examine the dietary influences on the development
of renal lesions in the remnant kidney. Few functional differ-
ences were observed, except for creatinine clearance and blood
pressure at week eight, when many rats had died, with or
without lesions consistent with ESRD. Elevated plasma creat-
mine level and death could be associated with high plasma
sodium levels and dehydration in the absence of diffuse renal
lesions. In experiment I functional differences were not de-
tected until week 13, reminding us that renal lesions first
develop without changing GFR. In experiment II compared to
experiment I, initial renal failure was more severe and less
homogenous. ESRD occurred much earlier and was relatively
more scattered in time, It can be hypothctized that the fall in
ereatinine clearance was sharp and remained undetected, par-
ticularly in rats who died within the first eight weeks.
It remains that the effects of glucose ingestion, as those of
other nutrients, would be assessed with more certainty by using
rats with less severe, less variable initial renal failure, so that
differences in deterioration rate should depend more exclu-
sively on the nutrient under study and could be confirmed by
changes in GFR.
The great intra-group variations may partly account for the
lack of significant differences in urinary protein excretion at
weeks four, eight and 12. Proteinuria is usually associated with
progression of renal lesions. In the present study, as in another
(unpublished), absence of proteinuria had a predictive value (all
ten rats who were protein free at week four were alive at week
16) but the amount of proteinuria had little meaning. The
relationship between hypertension and renal lesions was not
close, possibly owing to too unfrequent measures of blood
pressure compared to the rapidity of renal deterioration. The
absence of major vascular lesions do not support the prominent
role of hypertension in renal deterioration and there was no
evidence of hypertension preceding renal deterioration. It has
been shown that renal deterioration may occur in the absence of
hypertension [4], although the latter seems most often an
aggravating factor.
Thus, the evolution of renal lesions seems to have been
actually influenced by the nature of the CHO ingested. Since
starch is hydrolyzed into glucose during digestion, the most
probable reason for the observed difference is the delayed
availability of starch for absorption by the gut. Such a differ-
ence between "simple" and "complex" CHO has been ac-
cepted for years but has been recently challenged. Neverthe-
less, differences in blood glucose and insulin response were
observed following ingestion of glucose or starch [20, 21]. The
post-prandial response also varied greatly according to the
nature of the starchy food [20, 22—25] and was flatter in animals
given raw starch than in those given cooked starch [26].
Changes in blood NEFA [27], glucagon [21], and triglycerides
[28] differed after ingestion of starch or glucose, and numerous
factors may affect the rapidity of starch digestion. It is possible
that all these differences increase in uremia. In the present
study, the consequences of feeding different forms of CHO
were not studied in depth. Blood glucose measured under
anesthesia was high and variable in all groups including con-
trols, as previously reported [29]. In fact, measures performed
in conscious rats were not more satisfactory. In our experience,
only samplings performed in stunned rats were reliable for these
previously operated, often stressed animals. Plasma cholesterol
and triglycerides hardly differed in the fasting state, although
differences at other times of the day might exist.
The long—term effects of feeding glucose as opposed to starch
have not been extensively studied, while a good deal of effort
has been devoted to the comparison between sucrose and
starch, the two main sources of CHO in humans. Many meta-
bolic differences have been found in experimental studies. In
rats chronically fed a sucrose—rich diet, the development of
renal lesions that did not exist in rats fed with starch have been
described [30—32]. In the carbohydrate—sensitive BHE rat
strain, renal damage is usually observed [33] and it is increased
by sucrose compared to starch feeding [33, 34]. It can be
hypothesized that CHO metabolism disturbances of BHE rats
resemble those of chronic renal insufficiency, but whether renal
damage is due to the presence of fructose in the diet or to
feeding with a "simple" rather than a "complex" CR0 is not
clearly indicated.
The fact that CR0 energy restriction resulted in an impres-
sive preservation of the remnant kidneys can by no means be
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considered as an indication for CHO restriction in clinical
practice. It would cause poor health, retarded growth, and
increased uremia in patients spontaneously consuming less
energy than normal. At most, the harmlessness of CR0 sup-
plementation may be questioned in the rare instances when it
results in high energy intake or weight excess. Moreover, it
should be stressed that the last experiment suggests that a
specific effect of some form of CHO may be causal, rather than
the amount of CHO and/or energy. In experiments I and II renal
preservation was observed in rats restricted in glucose. The
findings presented herein remain to be confirmed, since they
may be true only in the experimental conditions used which
include a number of factors which may influence the insulin and
glycemic responses. While these conditions may limit the
clinical relevance of these particular data to the overall problem
of kidney remnant survival, there is an indication that CHO
nutrition is important in the evolution of renal diseases. Further
studies of this question may lead to the identification of these
factors and thus to better preservation of renal function.
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